Dealuminated zeolite Y-supported platinum was prepared adopting two dealumination methods, viz. fast (1, 3 and 6 h) and slow method (18 h). The content of Pt was constant at 0.5 wt% in all investigated catalysts. The prepared samples were characterized using TGA/DSC, XRD, FTIR techniques, nitrogen adsorption at À196°C and TEM-connected with energy dispersive spectroscopy (EDS). Surface acidity was investigated via pyridine adsorption using FT-IR spectroscopy. The parent and dealuminated Y-zeolite samples were characterized by their microporous system. By increasing the dealumination time to 6 h, the increased specific surface area and total pore volume indicated a sort of pore opening taking place with an increase in the accessibility of nitrogen molecules. DSC confirmed the thermal stability of the dealuminated zeolite samples up to 800°C. The prepared catalysts were tested through hydroisomerization reactions of n-hexane and n-heptane using a micro-catalytic pulse technique. Different catalytic behaviors could be distinguished for the dealuminated samples based on competitive reactions; hydro-isomerization, hydrocracking and cyclization. Slow dealumination leads to the most selective catalysts for hydroisomerization. n-Heptane was converted to higher extent than n-hexane; cracking process was more evident when the former was fed to the reactor. ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.
Introduction
Due to a heightened awareness of the environmental problems worldwide, there is a need for gasoline containing small quantities of compounds considered to be harmful to the environment or the public health such as aromatic and oxygenated compounds. Reductions of aromatics have a negative effect on the octane number that has to be compensated by other means [1] . Isomerization of long-chain n-paraffins appears to be an interesting alternative since it provides branched molecules which possess higher octane number than the linear ones. Isomerization is one of the several reactions occurring in the reforming of naphthas, which is undertaken to upgrade low octane naphtha to a higher octane product effluent. Under the conditions of reforming process, other reactions could occur like aromatization (or dehydrocyclization), and dehydrogenation with some cracking [2] . The reduction imposed on the aromatic content has a negative effect on the reforming units that use fundamentally heavy naphtha in the range C 7 -C 10 , providing greater quantities of aromatics. Isomerization reaction constitutes the most important alternative not only due to the production of branched paraffins with high octane number but also due to the fact that ring-opening reactions of aromatic compounds from reformer feedstocks are yielded. For example, cyclohexane, a benzene precursor, can be rearranged over commercial paraffin isomerization catalysts to a mixture of branched paraffins. The industrial processes of n-paraffin hydroisomerization need the presence of bifunctional catalysts, which present two kinds of active or functional sites: (i) an acid function provided by zeolites, and (ii) a hydrogenating-dehydrogenating function provided by a noble metal [3] [4] [5] [6] . The aim of this work was to study the effect of dealumination by two different methods using H 4 EDTA on the physicochemical characteristics of Y zeolite. Hydroisomerization of a C 6 -C 7 n-alkane was tested on dealuminated catalysts in comparison with the parent H-Y zeolite. The dealuminated zeolite Y-supported Pt nanocatalysts were characterized by adopting XRD, N 2 physisorption, TEM-EDX, TGA-DSC, and FT-IR techniques. The effect of dealumination on the existing Bronsted and Lewis acid sites was also investigated through pyridine adsorption using FT-IR spectroscopy.
Experimental

Dealumination
NH 4 -Y zeolite was obtained in powder form from Aldrich. NH 4 + -dealuminated samples were prepared by extraction of some aluminum oxide from NH 4 -Y using two different methods viz., fast method (1, 3 and 6 h) and slow one (18 h) [7] . 20 g samples were refluxed in 300 ml of doubly distilled water with 9.6 g of H 4 EDTA for a certain time (1, 3, 6 or 18 h). The mixture was heated to a specific temperature (at 100°C) with stirring .The zeolite was then filtered, washed with deionized water, dried at 110°C and calcined at 500°C in a stream of air for 3 h [7].
Catalyst preparation
All prepared support samples were impregnated with an aqueous H 2 PtCl 6 solution. The metal concentration of the impregnating solution was calculated to yield a final content of 0.5 wt% in the final catalysts. The samples, thus obtained, were calcined at 450°C for 4 h and reduced in situ under a hydrogen flow of 20 cm 3 /min at 450°C for 4 h. Such catalyst samples are designated as D1H-Y, D3H-Y, D6H-Y and D18H-Y; where 1, 3, 6 and 18 are the dealumination times. A sample that was calcined at 500°C only without EDTA treatment is denoted as H-Y. Details of the dealumination process are given elsewhere [7] .
Catalyst characterization
Powder X-ray diffraction (XRD) analyses were recorded on a Brucker D8 advanced X-ray diffractogram with Cu Ka radiation (k = 1.5418 Å ). DSC-TGA analyses were carried out for all supported metal oxide samples using simultaneous DSC-TGA SDTQ 600, USA under N 2 atmosphere, with a heating rate of 10°C min À1 .
Surface area and pore structure of the solid materials were characterized from N 2 adsorption studies at À196°C using a NOVA 3200 apparatus, USA. The samples were previously outgassed under vacuum (10 À4 Torr) at 300°C for 24 h. Surface areas (S BET ) were calculated from the adsorption branch.
The adsorption data were treated with the full BET equation. The ''t-plot'' method was applied in order to obtain an estimation of the micropore volume.
IR experiments were performed using an AT1 Mattson model Genesis Series (USA) infra-red spectrophotometer. For all samples, the KBr technique was carried out approximately in a quantitative manner, as the weights of the sample and that of KBr were always kept constant. The acidity of all catalysts was measured through FT-IR analysis of pyridine adsorption. The samples were activated at 300°C for 3 h under vacuum of 10 À4 Torr. Pyridine was adsorbed for 30 min at room temperature then desorption was proceeded at 150°C for 30 min under vacuum (10 À4 Torr). FTIR-spectra of adsorbed pyridine were recorded in the range of 1400-1580 cm À1 .
The Morphology and the dispersion of all samples under study were carried out by a High resolution TEM apparatus (JEOL) JEM 2100 Model (Japan) which attached (EDX) Oxford X-Max.
Catalytic activity measurement
Catalytic activity of all investigated catalysts was tested through n-hexane and n-heptane hydroconversion as model compounds for n-paraffins using a micro-catalytic pulse unit. In the micro catalytic reactor, 0.20 g of the dried catalyst was placed between two thin quartz layers. Prior to catalytic activity test all the investigated samples in oxide form were reduced by heating at 350°C in a stream of dry and clean H 2 gas with flow rate of 100 Cm 3 min À1 for 4 h. The reduced catalyst was activated at 450°C for 2 h in a stream of H 2 gas. Two micro liters of the reactants were injected over the catalyst at a flow rate of 50 Cm 3 H 2 min À1 . The reactions were carried out under atmospheric pressure in the temperature range 300-450°C. The reactor effluent was passed through a chromatographic column for separation and determination of products using flame ionization detector connected to computerized data acquisition station. The column was 200 cm length and 0.3 cm internal diameter, containing acid washed chromosorb AW (60-80 mesh size) loaded by 15 wt% squalane. The chromatographic column temperature was adjusted and controlled at 40°C.
Results and discussion
XRD analysis
X-ray pattern of the parent H-Y zeolite (Fig. 1) shows the most intense three lines at 2h = 5.98, 23.378 and 26.76 and their corresponding d-spacings = 14.756, 3.805 and 3.331 Å following the ASTM card number 038-0239 which is related to Y zeolite. The XRD studies showed that the starting material H-Y zeolite contained no amorphous phase, i.e., having a well-crystallized framework (Fig. 1 ). This was manifested from the high intensity of the main peaks. The estimated % crystallinity of the dealuminated samples is listed in Table 1 . It was evident that all the dealuminated samples, viz., D1H-Y, D3H-Y, D6H-Y and D18H-Y of varying dealumination levels, retained high degrees of crystallinity [8, 9] . The unit cell parameter of the H-Y zeolite and the dealuminated samples was determined from the XRD peaks. The peak shift to higher 2h values indicates smaller d-spacings and thus reduced unit cell parameters upon dealumination. Table 2 clearly demonstrates that the unit cell parameters as well as the Al framework species per unit cell of zeolite decrease with increasing dealumination duration. The removal of aluminum in the framework (leading to higher Si/Al ratio) is accompanied with a reduction in the unit cell size.
Nitrogen adsorption
The nitrogen adsorption isotherms of the parent H-Y zeolite and dealuminated samples are of type I in the Brunauer classification, characterizing almost the crystalline microporous materials (Fig. 2 ). All samples exhibit flat adsorptiondesorption isotherms with very narrow closed hysteresis loops [11] . The microporous character of the dealuminated H-Y zeolites seems largely retained as no appreciable mesopore volume could be detected (Table 1) . This finding can be linked with the unaffected X-ray crystallinity. The results of Table 1 indicate that the specific surface area and total pore volume, derived from the obtained isotherms, are 570 m 2 /g and 0.326 ml/g, respectively, for the parent Y-zeolite.
Upon dealumination, the specific surface and the total pore volume decrease with increasing duration of dealumination up to 3 h (D3H-Y). It is of interest to record that, increasing the dealumination duration to 6 h (D6H-Y) (with 22% dealumination of the parent material) could result in a marked increase in BET surface area and pore volume, namely to 866 m 2 /g and 0.494 ml/g, respectively. This may be attributed to the removal of a great fraction of extra framework Al species [10] pointing to a sort of pore opening with increased accessibility of nitrogen molecules.
With further increase in the duration of dealumination to 18 h (D18H-Y, of 26% dealumination level), a marked decrease in both specific surface area and total pore volume is observed (viz., to 502 m 2 /g and 0.288 ml/g, respectively). Some change in the pore structure seems to take place, where a meso-pore fraction apparently transforms into micro-and/or meso-pores with constricted entrances, associated with a decrease in the accessibility of nitrogen molecules.
Thermal analysis
The evaluation of weight loss, rate of weight loss as well as the heat effects associated with drying and calcination of catalyst sample is important, because it enables us to determine the maximum temperature after which the catalyst weight loss is negligible (i.e., complete decomposition). This in turn, allows us to establish the minimum temperature at which the catalyst becomes thermally stable and as such, the minimum temperature for catalyst calcinations.
To examine the thermal stability for the dealuminated zeolite samples, their thermal analysis was carried out. As shown in Fig. 3 , all samples show a main endothermic peak below 200°C, which is related to the desorption of the moisture adsorbed on zeolite samples. It is quite clear that the dealumination increases the thermal stability of zeolite.
FTIR analysis
Framework vibration modes were studied by IR spectroscopy and are shown in Catalytic behavior of Pt nanoparticles dealuminated Y-zeolite for some n-alkane hydroisomerization zeolite shows strong IR absorption in the spectral region below 1200 cm À1 . Vibration frequencies of the zeolite lattice, which result from stretching and bending modes of the T-O units are observed in the range 400-1300 cm À1 . These frequencies indicate that SiO 4 or A1O 4 are linked.
All the samples under study exhibited well resolved bands confirming their high crystallinity. The H 4 EDTA treatment did not affect the shape or the position of the signal. This is in line with the XRD and thermal analysis results. Upon dealumination, the disappearance of the band at 1400 cm À1 may be linked with the removal of framework Al species. This is accompanied with a decrease in the band intensity near 1015 cm À1 , assigned to Si-O stretching vibration [12] , (i.e., some hydroxyl nests existed). All dealuminated samples show a significant decrease in the Lewis acid sites [13] . The parent zeolite shows a main band located at 3450-3700 cm À1 corresponding to the potentially active OH groups [14] [15] [16] , bridging hydroxyls in the super cages and the sodalite cages to the same Al-OH-Si groups [17, 18] . There appeared an acid strength between that of traditional Al-OH-Si groups and that of hydroxyl groups linked to extra-frame work Al species. The intensity of the peaks in this 3450-3700 cm À1 region (acidic hydroxyl groups) decreases substantially by dealumination. This finding may indicate that aluminum vacant sites, created by framework dealumination, are not replaced by silicon atoms and remain as structural defects such as hydroxyl nest in dealuminated samples [19] . On the other hand, it is widely accepted that the activity of protonic zeolite for hydrocarbon transformation increases as its Bronsted acidity increases. So, the easiest way to obtain zeolite samples with different acid site densities seems thus to subject the same parent zeolite to different dealumination treatments, to extract the Al framework responsible for the Bronsted acidity. The extent of loss in acid sites will depend on the severity of the treatment. This treatment can cause, in addition, other changes in the microporous structure beside the acid strength [20, 21] . FTIR-spectra of adsorbed pyridine on the H-Y zeolite and the dealuminated catalysts are shown in Fig. 5 . The vibration bands in the 1400-1580 cm À1 regions of the IR spectrum of the chemisorbed pyridine could distinguish between the Brønsted and Lewis acid sites. The sharp peak that appeared around 1547 cm À1 is attributed to the C-C stretching vibration of the pyridinium ion indicating the presence of pyridine adsorbed on Brønsted acid sites of zeolite. The pyridine adsorption on Lewis acid sites is indicated by another peak around 1450 cm À1 arising from the C-C stretch of a coordinatively bonded pyridine complex. The band obtained around 1490 cm À1 is attributed to the pyridine species interacting with both the two kinds of acid sites [22] .
It is clearly seen that H-Y zeolite possesses a large number of both types of acid sites. The intensity of the vibration bands (1540, 1490 and 1450 cm À1 ) decreases to give very broad bands upon the fast dealumination method (1, 3 and 6 h). On the other hand, intense peaks (at 1540 and 1490 cm À1 ) could be observed by using the slow dealumination (18 h). From the above mentioned results the number of acid sites may be suggested to be reduced upon dealumination and thus the D18H-Y catalyst sample seems to exhibit the highest acidity compared with the other samples under study.
Transmission electron microscopy (TEM)
The high resolution TEM micrographs obtained for Pt on dealuminated Y-zeolite displayed the presence of very small Pt particles with the size of 2-4 nm which are partially embedded in the internal structure of zeolite crystal of Pt/D18H-Y catalysts ( Fig. 6 ). No platinum particles larger than 4 nm could be observed on this catalyst sample. However, the average size of Pt particles of D1H-Y, D3 H-Y and D6H-Y is higher than that of Pt/D18H-Y (ranging between 5 and 25 nm). Moreover, the Pt particles seem to be incorporated in a higher dispersion profile in zeolite framework of lower levels of dealumination (Pt/D1H-Y, Pt/D3H-Y and Pt/D6H-Y). These particles exhibit a more compact distribution mode in zeolite framework of higher level of dealumination (Pt/D18H-Y) [23] . No Pt particles were observed at the exterior surfaces of dealuminated zeolite crystals.
Catalytic activity
The catalytic activities of the prepared catalysts were evaluated with respect to n-hexane and n-heptane hydroisomerization in a temperature range of 300-450°C in a microcatalytic pulse reactor, in which hydrogen was used prior to reaction; the impregnated catalysts were calcined in air for 6 h at 450°C. The products were analyzed by gas chromatography. The activities of the catalysts were measured by conversion, selectivity and yield, which are defined as follows:
Selectivityðmol:%Þ ¼ ½P=ðF À RÞ:100 ð2Þ
where F is n-alkane feed weight (mole), R is the residual n-alkane weight (mole) and P is the product weight (moles of gases, isomers and cyclic products). The outlet components consist of alkane isomers, cracking products, residual n-alkane and cyclic products, indicating that cyclization was taking place on the catalysts. Fig. 7 shows the effect of reaction temperature on the conversion of n-hexane, yield of hexane isomers, yield of cracking and yield of cyclic products. The kind of support used and its characteristics, such as pore size, structure of pore opening and Si/Al ratio which changes the acid strength of the support [24] (Table 1) , have important effects on the bifunctional catalyst performance. By comparing the catalytic behavior of the catalysts, it was found that all the systems studied reached a maximum isohexane yield, which then diminished with temperature as shown in Fig. 6b . This type of behavior can be explained in terms of formation of cracking products and also of the exothermicity of the reaction [24, 25] . Since the reaction is equilibrium-limited, low temperature favors high concentrations of branched isomers and, furthermore, cracking products decrease with low reaction temperature. Fig. 7 shows that the time of EDTA leaching produces a different catalytic behavior in dealuminated Y supported systems. The system subjected to mild conditions (D6H-Y) shows high conversion especially at low reaction temperatures (Fig. 7a ). The greater conversion performance of the D6H-Y could be explained in terms of a more suitable pore shaped selectivity and acidity of this system. Acid leaching is accompanied by the creation of creating new pores. These changes the contact time of the reagents and hence the diffusion of these molecules is less restricted in the D6H-Y system. However, the system with support subjected to a more sever acid leaching D18-HY shows higher isomer yield ( Fig. 7b ) and high isomerization selectivity (Fig. 8a) at all reaction temperatures. The decrease of both isomer yields ( Fig. 7b ) and isomerization selectivities (Fig. 8a) with the increase in the reaction temperature is mainly due to the development of cracking processes ( Fig. 7c and Fig. 8b) . Also, the side reactions in n-hexane isomerization as cyclization lower the selectivity for the desired products.
Hydroisomerization of n-hexane
Hydroisomerization of n-heptane
The conversions of n-heptane, in mol%, for the prepared catalysts are plotted against the reaction temperature as presented in Fig. 9 . All catalysts had similar behavior throughout all reaction temperatures. D1H-Y containing catalyst shows the lowest conversion at 400°C, (Fig. 9a ). The systems subjected to mild dealumination conditions (D3H-Y and D6H-Y) show the highest conversions at low temperatures, which increase with increasing temperature due to the development of cracking processes ( Fig. 9 ) and the higher yield of aromatic compounds (Fig. 9d ) and dehydrocyclization selectivity (Fig. 10c) . However, the systems, with support, subjected to a more sever acid leaching time (D18H-Y) shows low conversion values at lower reaction temperatures. This performance could be explained in terms that acid leaching should be creating new pores that interconnected with the original ones, thus changing the pore structure (Table 1 ). This kind of pore structure resulted in a change in the contact time of the reagents and hence the diffusion of these molecules is restricted in the D18H-Y system; the increase in reaction temperature produces an increase in conversion. These results show that EDTA treatment time produces different catalytic behaviors of the supported systems.
The hydroisomerization yield, in mol%, as a function of reaction temperature for all catalysts is shown in Fig. 9 . Maximum isomerization yield was attained in the catalyst containing D18H-Y at all reaction temperatures. This behavior may be due to its relatively higher Si/Al ratio (Table 1) as a result of an increase in acidity strength (Fig. 5 ) to a level required to balance the metallic and acidic sites available for isomerization reaction [26] . D18H-Y shows also the highest isomerization selectivity (Fig. 10a ). This sample shows the lowest cracking yield (Fig. 9c) , and the lowest cracking selectivity (Fig. 10b ) was obtained with catalyst containing D1H-Y support which subjected to the lowest dealumination time (1 h); this behavior may be due to the presence of higher acid density as indicated by FTIR analysis (Fig. 4) , and the hydrogenolysis on the metal sites. All catalyst samples show an increase in cracking yields ( Fig. 9c ) and cracking selectivities (Fig. 10b) , which is compatible with the classical hydroisomerization mechanism that occurs through a consecutive mechanism [26] . From n-hexane and n-heptane hydroconversions, it was found that the isomer selectivities decrease with increasing n-alkane chain length. n-Heptane was converted in a major extent than n-hexane under the same reaction temperature, although however, the presence of cracking processes was much more evident where the former was fed to the reactor. This effect has also been reported in the literature [27, 28] , and it is conventionally attributed to the stability of reaction intermediates. On the other hand, the isomers yield increased with increasing chain length of the hydrocarbon.
Mechanism of alkane isomerization
Solid acids loaded with transition metals are used in the industrial isomerization processes. The catalyst is often called bifunctional; one function is due to the acid catalyst and the other function is related to a hydrogenation-dehydrogenation on the metal sites. The hydroisomerization of normal alkanes over bifunctional catalysts proceeds normally through a unimolecular mechanism. In this mechanism, the dehydrogenation of alkane molecules to its alkene takes place on the noble metal site of the catalyst. This is followed by the migration of alkene molecule from the metal site to an acidic site, which in turn leads to the protonation of the resulting alkene on the Bro¨nsted acid site, transforming the alkene to an alkylcarbenium ion intermediate. The formed alkylcarbenium ion undergoes either a structural rearrangement, followed by migration to and hydrogenation on a metal site to produce a structural isomer of the starting alkane, or a b scission followed by hydrogenation on a metal site to produce cracked products [29] . However, this reaction mechanism requires that a proper balance existing between the catalyst acid and metal functions in terms of the number of Bro¨nsted and metal sites is present [30, 31] . If this balance, through, doesn't exist in the catalyst, can lead to undesired side reactions such as hydrogenolysis, which can take place on the metal sites and dimerization-cracking, which can occur on the acid sites. The dimerization-cracking mechanism, which occurs when there is no good balance existing between acid and metal functions, proceeds via cracking of a long chain intermediate that forms by the dimerization of two alkylcarbenium ions. Fig. 11 provides a demonstration of the possible reaction pathways over a bifunctional catalyst with n-hexane as the reactant following the unimolecular reaction mechanism and Fig. 12 shows the difference between the unimolecular and bimolecular mechanisms during the hydroisomerization of n-heptane [32] .
Conclusion
A series of dealuminated Y zeolites were used as carriers for the hydroisomerization of n-hexane and n-heptane. The FTIR characterization revealed that the EDTA treatment leads to a continuous depletion of aluminum from tetrahedral framework positions; the total number of acid sites also reduces. The dealuminated samples retained high degrees of crystallinity. Thermal analysis and XRD showed stability of all treated samples.
The catalytic activity studies confirmed that n-alkane isomerization over dealuminated Y-zeolite catalysts strongly depends on the time of EDTA dealumination. Side reactions as hydrocracking and cyclization lower the isomerization selectivity. Slow dealumination leads to the most selective catalyst for isomerization. Figure 11 Possible reaction pathways for the hydroisomerization of n-hexane over a bifunctional catalyst according to the classical unimolecular mechanism. 1 and 2 indicate two possible successive isomerization reactions, while 3 is a possible cracking reaction.
Figure 12
Unimolecular reaction mechanism against the bimolecular mechanism for the hydroisomerization of normal heptane.
